Abstract-Quality of Service (QOS) is a measure of the ability of the power system to reliably provide loads electrical power with the power continuity required by the loads. QOS recognizes that different loads can tolerate different power interruption durations. This paper reviews QOS concepts as described in IEEE 1662-2008 and IEEE 1709-2010, describes methods for employing QOS in the design of shipboard power systems, and presents modeling and simulation considerations.
loads, the power system is not explicitly designed to ensure power interruptions of duration exceeding t2 occur less frequently than the customer specified MTBSI. Generally, only a portion of the propulsion load for ships with electric propulsion 1 integrated with the electric plant are assigned as Exempt Loads to preclude the installation of excess generation capacity.
QOS impacts many aspects of the shipboard power system design that historically have not been explicitly addressed by the power system designer. QOS also provides a convenient metric for ensuring equivalent performance from two technology alternatives to enable a fair comparison of performance.
II. BACKGROUND
Historically, many aspects of QOS were implicitly incorporated in the traditional design methods used for shipboard power systems. Examples include:
• The N+1 rule for generator sets ensured sufficient capacity would exist even with one generator set inoperative.
• All loads were treated as short-term interrupt loads.
Un-interruptible loads were required to provide their own dedicated Uninterruptible Power Supply (UPS).
• Loads not critical to the ships mission were designated "non-vital" and shed if remaining power generation was not sufficient to service all loads.
Some of the short comings of the traditional design methods include:
• No general guidance existed for sizing energy storage modules.
• Did not consider the total amount of "vital" loads in establishing the sizes of generator sets. Generator sets usually were sized only with regards to the maximum margined electrical load with service life allowance. In some ships, this resulted on occasion in a complete loss of power (dark ship) because of excessive loads and cascading generator set tripping, even after load shedding, following loss of one online generator (remaining generators not sufficient to serve all the vital loads).
• Proliferation of Automatic Bus Transfer (ABT)
devices. ABTs employed for both power continuity and survivability reasons without ensuring sufficient 1 An integrated power system uses the same prime movers to generate electricity for propulsion and ship service loads. Because most prime movers have a Mean Time Between Failure (MTBF) significantly lower than the desired MTBSI, electrical systems have historically provided an additional generator set beyond that normally required to satisfy the load (N+1 rule). For propulsion however, a degradation in maximum speed has historically been found acceptable over the added cost of providing additional prime mover capacity. The exempt load accounts for allowing a degradation of maximum speed due to the failure of a prime mover. The remainder of the paper will discuss how to incorporate QOS into the design of a power system and how to address the specific shortcomings of the traditional design methods listed above.
The paper assumes all shipboard power systems, including those that do not include electric propulsion (Propulsion Motor Modules), generally adhere to the electrical architecture of the Next Generation Integrated Power System (NGIPS) described initially by Doerry [5] . Progress towards achieving these goals is described by Hoffman et al. [6] . The standard NGIPS module types are: • Low Voltage AC (LVAC) Power Generation is typically employed in ships with less than about 6 MW maximum margined electric load. Normally associated with ships that use mechanical drive instead of electric drive, the electric power is typically generated and distributed as 450 Volts 3 phase ac power. For ships without substantial DC or un-interruptible loads, the PCM 1A of Fig. 2 Power Generation As an interim solution until MVDC is developed, MVMF employs existing AC design and production technologies operating above 60 Hz., but below 400 Hz., to gain sufficient power density to enable introduction into small and medium sized surface combatants as well as submarines.
• Zonal Electrical Distribution (ZEDS) takes power produced by one of the Power Generation Architectures, converts it to the form needed by each load, and distributes the power to the loads. 
III. POWER GENERATION AND ENERGY STORAGE IMPLICATIONS
In designing a shipboard power system, the following guidance should be followed: Modeling and Simulation is an indispensible tool in the design of shipboard power systems, both its hardware and its software. A second consideration in the power system design is that it occurs as an integral part of the total ship design (Fig 10) . Herein lies the pacing aspect for the development of the power system model and its utilization. M&S is an effective design tool when it is focused on answering specific questions. The nature of those questions asked of M&S dictate which models are most appropriate. In the earlier phases of ship design, top-level decisions must be made, such as the type of prime mover to power the ship. Steady-state, zeroth-, perhaps first-order models of the power system, prime movers for example, are used in the context of top-level ship operational/campaign/mission models to select the type of prime mover. The selection of the type of prime mover is a major influence on t2, the scale of ESM-F3 and the time constant for resort to Mission Priority Power Management.
In the latter phases of ship design, lower-level decisions must be made, such as design parameters of the electric power distribution system PCMs. Full-order, dynamic, waveform switching models of the power system, the fault isolation behavior, including controls, of the PCM1a for example, are used in the context of ship tactical scenario models to determine whether, for example, fast bus-transfer devices or a greater population of ESM-F1 (ESM-F2) should be implemented in the power system design. The selection between these two is a major influence on t1, the scale of ESM-F1 and ESM-F2 and the time constant for resort to QOS Power Management.
As the ship design progresses through each of its phases, the understanding of the load equipment will increase in scope and detail. For example, in the concept design phase, the EPLA entry for the ship's radar might read, "Missile & Air Defense Radar -iMW." The model of the radar may be a constant load model. In the detailed design phase, the EPLA entry for the ship's radar might read, "AN/SPSn -j.klMW." The model of the radar may now contain full models of each of the converters between the interface with the power system and the antenna. Such evolution of the population and details of the loads and their models is necessary to be able to assess achievement of the quality of power assumed for the QOS. Such evolution of the population and details of the loads and their models is necessary to develop ESM-F1 and ESM-F4 designs. Such evolution of the population and details of the loads and their models is necessary to develop the QOS and Mission Priority Power Management (Load Shedding) software requirements.
VI. CONCLUSIONS
Quality of Service plays an important role in ensuring the design of a shipboard power system results in affordable and reliable power continuity as required by each type of load. This paper presented QOS concepts, shown how QOS impacts power system design, and has detailed some of the modeling and simulation considerations.
